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New Organic Polyisocyanates and their Manufacture 

- n moles of an organic diisocyanate with one 
" , _r -u-fl icnmnsw of the eeneral 
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We Imperial Chemical Industries 
Limited of Imperial Chemical House, MJ1- 
bank, London, ^.W.L, a British Company, 
do hereby declare the invention, for which 
•we pray that a patent may be granted to us, 
™dZ method by which it is to be per- 
formed, to be particularly described in and 
by the following statement:— . . 

This invention relates to organic polyiso- 
cyanates and to the manufacture thereof. 
^ ft has already been proposed to react diso- 
cyanates with glycols and triols to form ure- 
S polyis^yaiates and to use such com- 
pound/ i polyisocyanates m tihe: manufac- 
ture of polyureriiane products. The reacoon 
Screen a diisocyanate and a glycol or triol 
accSg W the prior art stops atfte sttge 
afSall hydroxyl groups m the ^eacuon 
anxture have been converted to otcuuuw 

now been fa-dtgf ^methane 

5S5? dUsSnaS by^g 25 
Sn conditions, mvolving the ap^canon 
of heat or the use of catalysts, or bom, junta 
Sbttnddj one molecule of diisocyanate has 
Reacted with each nrethane group ^nt. 
The products of this reaction are essentially 
SpS^olyisocyanates of higher ^.cyan- 
ate functionality which because of ^ their 
hi^lolubility in organic solvents and m 
other oolyisccyanates are useful in the manu- 

^tSCWSS .invention 
thle Ire Troviled new compositions > of 
Ser consWng essentially of all^hanatt 
Polyisocyanates, which composmons are ob- 
tainable by reacting an amount in excess ot 
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,, lu „ oi an orgaiuv uu»wj"--~ 

mole of a uretbane isocyanate of the general 
formula R'(OOCNHRNCO)„, wherein K ■» 
a monovalent or polyvalent organic radical 
which is the residue of a mono- or poiy- 
hydroxylic compound after reaction of the 
hydroxyl groups with isocyanate groups, n 
is ^ tategV ftom 1 to 6 and represent the 
tai3 of the hydroxylic compound I and 
R is a divalent substituted or rasubsnmted 
oreanic radical, the reaction being carried 
out ™d« Conditions such that substantially 
one molecule of diisocvanate.reacts wxth e^h 
uretbane group present, as indicated by the 
mSed.isocJanate group content of the re- 
action mixture. 

The divalent organic radical R in the 

the isocyanate group. 

Examples of suitable divalent organic radi- 
cals include aliphatic radicals such as tetra- 
methyW and hexamethylene, cycloa^l and 
substituted cycloalkyl radicals such as 
__C H, — aralkyl radicals such as 
I^CH CH— and -CHJCACHr- and 
divalent' aromatic radicals such as those : de- 
rived I from substituted or unsubstitnted 
benzenes, diphenyhnemanes, diphenyl ethers, 
diphenyls and naphthalenes. 

Particularly preferred reaction products are 
those derived^from nrethane '^ates 
wherein R represents a divatot radical de- 
rived from toluene, hexane, benzene, xylene 
or methyl cydohexane. 
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The mono or polyvalent radical R 1 intte 

-with an isccyanate group. . hols 

Examples of mono or polybydru. aUohols 
from which the radical R nmy be derived 
include among others f ^^f^fckS 

Sl propane/ trimethylo ethane pe^t- 
15 aerymritolfmonoaltyl ethers of Sg*"*^ 
methylol propane, mono or bis etners °. 

fix/ ended powers , and copolymers 
20 o^chc oxides, fir example ethylene exute, 
propylene oxide, butylene oxide smd teixa- 
gffiran which may be *W? d , fa L5£ 

25 SSSSfV*. P^e ^compound 
containing one or more activ. nyu^„ 
atoms, 



oms. - - 

Gained by oxypropylaoon of diethyls giy 
ool, trimethylolpropane and sorbitol. 

Anv organic diisocyanate may be used m 

40 memane diisocyanate, m- and P-Fhenyiene 

lene - 1:5 - diisocyanate, diphenyl 4.4 
diisocyanate, 4:4 l - ^yanam - 3.3 

difeSS Tolyl^e diisocyanates ^methyl- 
50 cyclohexyl diisocyanates and xyly.ene ousc 
cyanate. 

»-pi__ ^rice nature of the total ccmpssi- 
cyanate. 



a o a further embodiment of the present 65 
JUJSS is^rovided a prcce* fang 
l^rin^ the reaction products of the present 

diisocyanate with a urethane w^jrajP e > ■ 70 
hereinbefore defined, ^lonaUy in the Pre- 
sence of a metal carboxylate, metal chelate 
or tertiary amine as catalyst. 

As sutable catalyse for use in die ^process 
of the present invention there may b e men 
tioned organic acid metal salts such as zmc, 
St iron antimony, titanium, lead, cal- 
cSf b^^manganese, cadium, thorium, 
napnthates 

plexes of the above metals with /? ^«»»» go 
Such as acetyl acetone, organomml sate sucn 
af dibutyl tin dilaurate or ternary amines 

Sne, methylene diamine and tetramethyl- 
^rprocess may be carried out over a 

*yK2£ * «n£d out using an «cess 
of me organic diisocyanate as h«embefor. 

Squired for the reaction of one molecule or 

SLSTM^Sb 1 - distillation in a thin 
o^oiisocyanate may be 
«J&3t .the present process -Examples 
of suitable diisocyanates are listed i 

pounds and organic diiswyanates. Examples 

vTcb may be used in making die new com- 
positions of the present invention. 
P raHretLne isocvanates may be prepared, 
isoEted and then reacted with organic duso- 
equate to form the novel compounds of the 125 
nresent invention or alternately the poly 
Kc S may be reacted with a «m- 
vlnient excess of the diisocyanate ^id wzth- 
out isolation of me urethane isocyanate uu. 
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product may be converted to a composing 
of the present invention for example by heat- 

ing Tbe process of the present irwentionfflav 

^^ZyS^oi this invention 
may be useTalone or ^combination with 
10 other polyisocyanates for the manufacwreo. 
polyurethane products which may be homo- 
^nCs or cellular, rigid or Aexibte The 
manufacture of such polyurethane ^oducts 
mav be carried out by methods well known 

15 to thrar? Polyurethane products which ray 
be manufactured from the new ?clyisccyan- 

4 a* compositions include surface ccatmgs, 
v foamed cdlular products potting compounds 
andomer polyurethane elastomers also adhc- 

20 lives for bonding metal to rubber and textiles 

^Tte^lyisocyanate compositions of the 
prSt CentioCwhich after removal^ of 
«cess organic diisocyanate do not present a 

25 ^-latile toiric hazard to .the ^ser a* |po*KO- 
cvanates of high functionality which possess 
S. solubility in organic solvents and 
i^Li^y useful in polyurethane «« 
SanpoS prepared for example by rea^ 

on tion of the products of this invention with 
SSvoL oolyainines or water in the form o* 
SS^ricToisture and in the manufacture 

of rigid and flexible P^^f^S^ 
The invention is fflustrated but not htmted 
35 by the following examples in which parts 
and percentages are by weight: 



and less than 0.1% unreacted b^amediytei 65 
diisocyanate. It is essentially an ^P™* 
polyisbcyanate resulting from the rcacnon of 
one molecule of hexamethylene m>socyanate 
™th each urethane group present m the 
SeSmfthylene diisocyanate /Ethylene |g' 70 
col urethane diisocyanate formed m the early 
Sttrf the reaction. The volatile portion 
0162 parts) is essentiaUy hexamediylene di- 
isocyanate. It can be reused in the process. 



Example 1 
To 504 parts of hexamethylene dnsccyan- 

10 3oi P« w «, 7 -o C js added over 

ate maintained at TO . ' " nf diethv- 

40 30 minutes with stirring 53 parts of di«ay 
l<me rfvcol. After completion of the addition 
i^^Zmre is stirred a further 30 minutes. 
At^^ge taction mixture analyses 
« 371%% isocyanate groups and consists 
M SsentiaUv of the urethane diisocyanate formed 

50 ^ for C 2 r hours, by which time the 
total NCO value had fallen to 3U. 1 ,* 
SoreticS* vame, 30.2%). A , dry Mg-g 
atmosphere is maintained throughout the 

55 ^uSacted hexamethylene diisocyanate is 
JfSSd as follow^.. gSj^lS 
reaction mixture is stripped of unrea.tea 
SeWene dusocyanate by istdl^on at 
fin lOO°C and a pressure of 1.4 mm. ans. usin 0 
™ 1 dtin'mm distillation apparatus. The non- 
voDe "portion of the reaction mixture 
tt647 Darts) is a slightly viscous liquid 
2$ig « 1W% total isocyanate groups 



Example 2 75 
To 464 parts of 2 :4-wlylene dusocyanate 
malted « TO^C. is added .over 49 
minutes with stirring 3534 parts « 
lene glycol. After completion of the addition 
the mtaure is stirred a further hour. At Jus 80 
stage the mixture analyses at 38.75 . total 

in excess tolylene diisocyanate 

The motion . mixture « then heated «> 
125°C and maintained at ^T^^lX 
19 hours by which time the total NCO va ue 
has fatten m 33.6% (theoretical, value, 90 
fi.6%) A dry nitrogen atmosphere is main- 
tained throughout die reaction. 
ta Unre^ed tolylene diisocyanate » thenre- 
«irw*>H bv extraction with petrol (soiling 
£?ttM&C> in a ccntinuous extmc- 95 
Son apparatus. The extracted product, ess^n 
tiaSv ^ allophanate pclyisocyanate produced 
by fuXr Action of tolylene 

2ws sss^rasi** 2 ioo 

SvcoT and 2 molecules of tolylene duso- 
iStes? was transferred to a distilhnon 
cyanarca, 1in o r at 01 mm. ot 

inake a 75 solution. The final product .a 
"s^is yeUow solution had a total isccyan- 
TtT^ue of 13.51% and contained only 
mceTof unreacted tolylene dusocyanate. 



Example 3 
To 1500 parts of tolylene dusocyanate (an 
80^^ o^e 2=4 and 2:6 .omets) 

SEEtS p^of molten tr^thylol- 
™ne. After completion of the addmon the 115 
Sre is stirred a further hour at 70-75 
C The mixture at this stage is essentially a 
solution of a urethane triisocyanate formed 
g miction of 3 molecules of tolylene dnso- 
cyanate with 1 molecule .of tnmethylolpro- 120 
bane in excess tolylene dusocyanate. 
P ^ie reaction mixture is then cooled to 
50™? Z 4.16 parts of a white spirit sohi- 
Snofzmc t^a^dd^d^ ^ ^ 

len^ctimeTby the addition 
of 7^ S» of a 4% solution of phosphoric 
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acid in «** *srs?^?a£ 

a sbghtly «*»£JW theoretical value, 
34.4% total isocyanate ^ nnreacted 
5 337%) and contained 49.3 /o uu 
tolylene diisocyanate. 



To 336 p r oSfg^fori 
ate maintained at 7 ^ 5 ar T of oxyprcpylsted 
10 hour with sttrrmg ^ue oJ 8.5%. 

sorbitol having a bydraty v*^ mix - 

^ • ^SdT furdt hour at 70-75'C 
ture is snrred a temperature. At 

and then cooled Jo 'f^fSnsists essen- 
15 this stage the .^V^rethane polyiso- 

20 hexamethylene f^ggfe^ is then added 
1.09 parts of ^Xatroom temperature 
and the mixture sorted atro ^ fco _ 

for 69 hours by J^*^ 30.86% 
cyanate value of the rw* 

temperature for li ruction mixture 

30 ^ -M***^ T^red gloss 

reaped hexamethylene dusc-yana* m m Hg 
by distillation at l C0 ^iXn apparatus. 
35 abs. in a thin nta Action m ^ ure was 
35 From 354 the reactKm^ y 

ohtamed 159.6 p«ts ol^ c t5t al 

recovered. ExaWLeS _ 
To 336 . pa m of h^netiiyu ^ 

45 ate maintained at '^'^ cf cxypropy!- 
1 hour with stirring 100 0 f 8 . 5% . 
ated sorbitol bavin|^ OH v ^ 
After completion of tbf y^S^. 
is stirred a f^J^ff ^ture consists 
50 At this stage the ^^^r^-thane poty- 
50 £sentially of ! LS^ctit of 6 ^uf s 
isocyanate formed ^ 1 mole- 

ate in f ^S^oTof zinc naph- 
parts of a white spirit c t t rr ed at rcom 

Senate and die nuxturc then smrect ^ 
60 temperature for 69 hours 6jw fthe0 retical 



- 

followed by stirring at room temperature for 65 

li hours. h lene diisocyanate is 

Unreacted hexametnyien. J 1=ar pa i e 

then removed. 395 P 3 "* °* . down 
yellow liquid rescue^ ^^HpFaratus 70 
an agitated thm 7 nd a pressure 

at a temperature «« ^2. tET non-volatile 
of 13— 1.3 mm. Hg.abs- lD ",.'^ , o nans) 

It is essenmll y ^ ^ t ^amedi4ne 
ate produced by "action u . diis0 . 

diisocyanate ^SSm poly- 80 
cyamte/oxypropylated cf the 

isocyanate formed m the ea ^ is 

S^amSeie diisocyanate. It can 

D e reused in the process. 



for 69 ^-ffi 
28^/)^ ^tVthen deactiv- 
value, 28-V/o> o{ 474 mparts of a 4 /0 



85 

Example 6 , „_ 

Tolylene diisocyanate (153U ^ - 

nitrogen ^sphere -J^jg^ ov? 55 90 
propane (963 ParB^a being 
minutes, the >»t*™, c ^n the addi- 
mantamed at Apr* die tempera- 
tionof thepolyolisc^plet-, ^ £ a 
ture is mam«n«d at 70-75^ a 95 

Sn h of ure^£%^ 3 ^ . 
tolylene diisocyanate analyses 

is then heated wi* 

sti^g » an internal by 

135*C. for a f "*f N p £o value of the mix- 
wh ich time ietotal NCO va j ^ 

ture has fallen to 5^.*,, 

33 - 7 '^ Example 7 , _ nre 105 

Into 100 par* cf^^P^*£ 

^ ^e^veTpSucTrf 

S^^Sd? SS^K i. 

•""JL Mlowuig ^ SO seJond^ tt , yield a fine 120 
SuSd S&sid product of dens,ty 1.9 
Ib./cuit. ;Uustratcs the use of a pro- 

duc? 5 ^entionin the manufacture o£ 
f cettular polyurethane product. 



EXAMPli 8 b 

The product of Example 5 f w pa ; 
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mixed with dry ethylene glycol monoethyl 
ether acetate (60 parts) and 0.3 parts oV 
butyl tin dilaurate and the solution painted, 
on to clean tinned iron plates. 

Ater standing overnight a film having good 
adhesion and resistance to chemicals is ob- 
tained. . | 

A film having similar properties was also 
obtained by stoving the film in a moist atmo- 
sphere at 120°C. for 30 minutes. The films 
were resistant to U.V. light and t showed no 
yellowing after exposure to U.V. bgbt tor 
several hours. 

This example illustrates the use of the pro- 
ducts of this invention in the manufacture ot 
surface coatings. 

WHAT WE CLAIM IS:— 
1. Compositions of matter consisting essen- 
tially of aBoprianate polyisocyanates, wrucn 
cOTopositions are obtainable by reacting an 
amount in excess of n moles of an organic 
diisocyanate with one mole of a methane 
isccyanate of the general formula 
RXOOCNHRNCOX, wherein R is a m ono- 
25 valent or polyvalent organic radical wrach is 
the residue of a mono- or polyhydroxylic 
compW after reaction of the hydroxyl 
groups with isocyanate groups, n is an ^integer 
from 1 to 6 and represents ^^thefuncuonairty 
of the hydroxyhc compound and R is a ai- 
valent substituted or unsubsututed or^nic 
radical, the reaction b^ng carried out unto 
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R 1 is the residue of a polyhydroxy compound 
having from 2 to 6 hydroxy groups. 

4 Products as claimed in Claim 1 wherein 
the * organic diisocyanate is hexamethylene 
diisocyaW, a tolyiene diisocyanate a 
methylcyclohexyl diisocyanate or a xylylene 
diisocyanate. . 

5 Process for the preparation of the pro- 
ducts claimed in Claim 1 comprising reacting 
an excess of organic diisocyanate with a me- 
thane isocyanate as hereinbejore defined. 

6 Process as claimed in Claim 5 wherein 
there is incorporated as catalyst, a metal 
carboxylate, a metal chelate or a tertiary 

aD 7 nC process as claimed in Claim 5 wherein 
the 'excess of organic diisocyanate is from 
10% to 300% over that required for tne 
reaction of one molecule of diisocyanate with 
each urethane group. 

8 Process for the manufacture of homo- 
geneous or cellular, rigid or flexible poly- 
urethane products, charactensed m tbatas 
polyisocyanate in such manufacture, tnere is 
used a product as claimed m Claim .1. 

9 Process as claimed in Claim 8 wherein 
the polyuretbane product is in the form of a 
coating composition. m . - 

10 Product as claimed in Claim 1, sud- 
stantially as hereinbefore described, especi- 
ally with reference to Examples X to 6. 

11 Process for the manufacture of poly- 
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tion being carried out under ^ 1 ™^ ts as daim ed in Claims * or 
conditions such tfcat substantially one ^e- uretone ^pro heremb efore described, 

^ 1 — ? *~ ™^ * 12. Polyuretbane products whenever manu- 

factured by a process as claimed in Claim 
8. 

BERTRAM F. DREW 
Agent for the Applicants. 
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Products as claimed in Claim 1 wherein 
R?s ?S£«r radical derived to- M**£ 
hexane, benzene, xylene or methyl cyclo 

llC 3UProducts as claimed in Claim 1 wherein 
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